Thirty-four strains of Xanthomonas ampelina, the causal agent of bacterial necrosis of grape vines, were examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of their cellular proteins and by numerical analysis of 106 enzymatic features (API systems). These organisms formed a very homogeneous taxon. Generic and suprageneric relationships were determined by hybridizations between 23s 14C-labeled ribosomal ribonucleic acid from Xanthomonas ampelina NCPPB 2217T (T = type strain) and deoxyribonucleic acids from eight Xanthomonas ampelina strains, Xanthomonas campestris NCPPB 52€lT, and the type strains of 16 possibly related species. Xanthomonas ampelina was found to be a totally separate subbranch in ribosomal ribonucleic acid superfamily 111, without any relatives at the generic level. It is not related to the genus Xanthomonas. Genetically its closest relatives are, among others, Pseudomonas acidovorans, Alcaligenes paradoxus, and Comamonas terrigena. We propose the transfer of Xanthomonas ampelina to a new genus, Xylophilus. The only species and thus the type species is Xylophilus ampelinus. The type strain is NCPPB 2217.
The causal agent of bacterial necrosis and canker of grape vines in the Mediterranean region and South Africa was originally described as Xanthomonas ampelina (16, 26) . This organism possesses the following features of the genus Xanthomonas. It is an aerobic, nonsporeforming, gram-negative, rod-shaped organism with one polar flagellum; it has oxidative carbohydrate metabolism; it produces a yellow insoluble pigment; and it has a mean deoxyribonucleic acid (DNA) base composition similar to that of the genus Xanthomonas. However, other data clearly prove that it does not belong to the genus Xanthomonas. Hybridizations between ribosomal ribonucleic acid (rRNA) from Xanthomonas campestris NCPPB 52gT (T = type strain) and DNAs from different Xanthomonas species showed that Xanthomonas ampelina is definitely not related to the authentic Xanthomonas species (11) . This conclusion is supported by research on the regulation of the biosynthesis of aromatic amino acids in Pseudomonas strains and related organisms (3, 32, 33) . Additional features differentiating Xanthomonas ampelina from the other Xanthomonas species are the absence of xanthomonadins (30) , very slow growth, a maximum growth temperature of 30"C, the presence of urease, utilization of meso-tartrate, and no production of acid from glucose or sucrose (2, 26) . It is now well accepted that Xanthomonas ampelina is not a Xanthomonas species; however, despite its unknown taxonomic position, it has been maintained up to now as a separate species in this genus (2) .
In this paper we present the results of extensive research on (i) the internal taxonomic structure of Xanthomonas ampelina and (ii) its generic and suprageneric relationships. We examined 34 strains from various geographic origins, together with a number of possibly related strains and some authentic Xanthomonas strains, by means of protein electrophoresis, numerical analysis of enzymatic features, and DNA-DNA and DNA-rRNA hybridizations. Based on our results, we propose the transfer of Xanthomonas ampelina * Corresponding author.
to a new genus, Xylophilus, as Xylophilus ampelinus (Panagopoulos 1969) comb. nov. Strain NCPPB 2217 is maintained as the type strain. In the rest of this paper we use the name Xylophilus ampelinus for this organism.
MATERIALS AND METHODS

Bacterial strains.
The strains which we used are listed in Table 1 . They were checked for purity by plating and by examination of living and gram-stained cells. In all experiments Xanthomonas and Xylophilus strains were grown on GYCA medium (1% [wt/vol] glucose, 0.5% [wt/vol] yeast extract, 3% [wthol] CaC03, 2% [wt/vol] agar); Rhodocyclus gelatinosus was grown on DSM medium 27 (4) , and nutrient agar (0.1% beef extract, 0.2% yeast extract, 0.5% NaC1, 0.5% peptone, 2% agar, pH 7.4) was used for all other strains. All strains were grown at 28"C, except the Xylophilus strains, which were grown at 24°C. In some cultures of Xylophilus ampelinus we isolated two colony types, t l and t2, which showed similar colony morphology but differed in growth rate. The average colony diameters after 2 weeks on GYCA medium were 1.4 k 0.6 mm for t l and 0.7 k 0.3 mm for t2.
Enzymatic features. A total of 31 Xylophilus ampelinus strains and a number of reference strains (Table 1) were tested at 30°C in the commercially available API ZYM gallery and the experimental API galleries Osidases, Esterases, and Aminopeptidases AP1, AP2, AP3, AP4, AP5, and AP6 (API Systems S.A., La Balme-les-Grottes, Montalieu-Vercieu, France). The experimental procedure and the scoring of the results have been described previously (24). In total, 106 enzyme activities were recorded per strain. Canberra metric coefficients (dcANB) were calculated (22) and transformed into similarity coefficients (%S) by using the following equation: %S = 100 x (1 -dCANB). Cluster analysis by the unweighted average pair group method (29) was performed by using the Clustan 2.1 program of Wishart (34) and the Siemens model 7551 (BS2000) computer of the Centraal Digitaal Rekencentrum, Rijksuniversiteit, Ghent, 
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Xanthomonas albilineans Xanthomonas albilineans Xanthomonas axonopodis Xanthomonas axonopodis
While subculturing, we found two colony variants in this strain, which we labeled then t l and t2. When, for strains other than Xylophilus wnpelinus strains, Strians Rid6 011 and Rid6 012 are yellow and white subcultures of strain Ride 01, respectively.
Strain CNBP 1817 was proposed as the type strain for "Xanthornonas populi" by Rid6 and Ride (27) . This stain was received from Stanier as one of two colony variants of strain Stanier 362. Strains Stanier 362t1 and Stanier 362t2 correspond to strain ATCC both types yielded an identical protein electrophoretic pattern, only t l was used.
' Pathotype strain (15) .
17724.
Belgium. The centrotype strain was calculated by the method of Rogers and Tanimoto (28) .
Polyacrylamide gel electrophoresis of proteins. Xylophilus ampelinus strains were grown on Roux flasks at 24°C for 72 h on GYCA medium. The other reference strains were grown on the same medium at 28°C for 40 h. Whole-cell protein extracts were prepared, and sodium dodecyl sulfatepolyacrylamide gel electrophoresis was performed by using small modifications of the procedure of Laemmli (21), as described previously (20) .
DNA-rRNA hybridization. Preparation of high-molecularweight DNA, fixation of DNA on cellulose nitrate filters, and chemical determination of the amount of DNA on the filters were carried out as reported previously (8, 11) . Purified 23s [14C]rRNA from Xylophilus ampelinus NCPPB 2217T was prepared as described previously (8). Purified 23s [3H]rRNA from Pseudomonas acidovorans Stanier 14T and 16s [3H] rRNA from Alcaligenes paradoxus ATCC 17713tlT were prepared previously by M. Goor and M. Gillis (12) and by P. Segers (13) , respectively. Hybridizations between labeled 16s or 23s rRNA and filter-fixed, single-stranded, highmolecular-weight DNA were performed as described by De Ley and De Smedt (8) . Each DNA-rRNA hybrid was characterized by the following two parameters: the midpoint (in degrees centigrade) of the thermal denaturation curve [ T,(,)] and the percent rRNA binding (i.e., the amount [in micrograms] of labeled rRNA duplexed to 100 pg of filter-fixed DNA after ribonuclease treatment).
DNA base composition. The average mol% guanine-pluscytosine (G+C) content was determined by thermal denaturation (10) and was calculated by using the equation of ter equipped with a thermostatically controlled cuvette chamber and a Hewlett-Packard model 7225A plotter was used.
RESULTS
Protein electrophoresis.
All Xylophilus ampelinus strains displayed very similar protein patterns (Fig. 1) . Four strains (NCPPB 2219, NCPPB 2220, Ride ACl, and CNBP 1802) lacked a heavy band near the top of the gel. This slight aberration was reproducible. Highly similar protein patterns were found for both colony types isolated in 8 of the 32 strains tested. Figure 2 shows the protein electropherograms of the type strains of Xanthomonas campestris, Xylophilus ampelinus, and representatives of the acidovorans rRNA complex.
Enzymatic features, The test reproducibility of the enzymatic API systems was good, as 91 to 95% S was found between duplicates of tests for five Xylophilus ampelinus strains.
As expected from the protein electropherograms, the results obtained for strains with two colony types were similar (95% S between strains CNBP 1833t1 and CNBP 1833t2 and 90% S between strains CNBP 1838t1 and CNBP 1838t2). Consequently, only colony type t l strains were included in the enzyme tests of the other six Xylophilus ampelinus strains displaying two colony types.
The dendrogram obtained after numerical analysis of our data is shown in Fig. 3 . All Xylophilus ampelinus strains clustered above 87% S. The centrotype strain is CNBP 1833t1. The Xylophilus ampelinus cluster (Fig. 3) is clearly distinct from the genuine Xanthomonas species and is more closely related (Fig. 3) DNA base composition. The average G+C values of the strains studied are listed in Table 2 .
DNA-rRNA hybridizations. The specific activities of the 23s [14C]rRNA fraction from Xylophilus ampeZinus NCPPB 2217T, the 23s [3H]rRNA fraction from Pseudomonas acidovorans Stanier 14T, and the 16s [14C]rRNA fraction from Alcaligenes paradoxus ATCC 17713tlT were 3,662, 12,432, and 6,618 cpm/kg of rRNA, respectively. The results of the DNA-rRNA hybridizations are summarized in Table 2 and are presented in Fig. 4 Fig. 2. values, the most valuable taxonomic parameter of the hybrid (8, 9, 11).
DISCUSSION
Our results indicate that Xylophilus ampelinus is a very homogeneous taxon; all of its strains, even those from different geographic origins, show very similar protein patterns (Fig. l) , as well as very similar characteristics in the enzymatic API systems (Fig. 3) . The latter were preferred over classical phenotypic tests, because of the slow growth of Xylophilus ampelinus. Strains with almost identical protein electropherograms possess a high level of genome similarity (18). Indeed, DNA-DNA hybridizations between some pairs of selected representative Xylophilus ampelinus strains result in a D of almost 100%.
In previous papers from this laboratory, the impact and significance of DNA-rRNA hybridizations in detecting intraand intergeneric relationships within the gram-negative bacteria have been shown extensively (12, 17, 31) . Based on Tm(e) values, one can divide the gram-negative bacteria into at least five groups, called rRNA superfamilies, which are related only very remotely and certainly beyond the family level (6, 11). Xylophilus ampelinus is definitely not related to the genus Xanthomonas since its DNA has a mean T,(,, value of about 60°C when it is hybridized with rRNA from Xanthomonas campestris NCPPB 52gT (rRNA superfamily 11) and about 76°C when it is hybridized with rRNA from Pseudomonas acidovorans Stanier 14T (rRNA superfamily 111). Xylophilus ampelinus belongs in rRNA superfamily 111, in which it is related at an equidistant Tm(el level of 76.2"C to Pseudomonas acidovorans, Alcaligenes paradoxus, and many other organisms in the acidovorans rRNA complex (Fig. 4) . The numerical analysis of the enzymatic API tests likewise points toward a closer relationship of Xylophilus ampelinus to the members of the acidovorans rRNA complex than to the genuine Xanthomonas species, including Xanthomonas campestris strains pathogenic for grape vines ( Table 1 and Fig. 3) .
The organisms of the acidovorans rRNA complex show great diversity, and many of them (including Pseudomonas acidovorans) are generically misnamed. Since no definite nomenclatural proposals have yet been made (11, 25), we have to retain the inappropriate names of these organisms in this paper. subsp. citrulli; the photoautotrophic and CO-oxidizing organism Rhodocyclus gelatinosus; and, from soil and clinical origin, Pseudomonas testosteroni, Pseudomonas delajieldii, and Comamonas terrigena (11) (12) (13) 19) . Some of the taxa related at a mean Tm(e) of 76.2"C to Pseudomonas acidovorans and Alcaligenes paradoxus could be related to each other more closely. The obvious step to determine the position of Xylophilus ampelinus within this rRNA complex was to prepare a labeled [14C]rRNA from its type strain and to hybridize this preparation with DNAs from the different members of the rRNA complex. The Tm(e) values which we obtained for these hybrids clearly demonstrate that Xylophilus ampelinus constitutes a separate rRNA subbranch in the acidovorans rRNA complex (Table 2 and Fig.  4) . Indeed, manuscript in preparation). (iv) They can easily be differentiated from the other members of the acidovorans rRNA complex by their much slower and less abundant growth and by their lower optimal growth temperature of 24°C. We propose a new genus, Xylophilus, for these organisms.
Description of Xylophilus gen. nov. Xylophilus (Xy.10. phi'lus. Gr. n. xylon wood; Gr. n. philos friend; M.L. masc. Xylophilus friend of wood) cells are straight to slightly curved rods, 0.4 to 0.8 by 0.6 to 3.3 km. Filamentous cells (length, 230 pm) may occur i s older cultures. Cells occur singly, in pairs, or in short chains; they are motile by a single polar flagellum. Gram negative, oxidase negative, cataiase positive, strictly aerobic, chemoorganotrophic. Oxidative carbohydrate metabolism. Even at the optimal temperature of 24"C, growth is generally very slow and poor. The G+C content of the DNA ranges from 68 to 69 mol%. In DNArRNA hybridizations TmC,, values of 78.0 to 81.5"C are obtained versus rRNA from Xylophilus ampelinus NCPPB 2217T. Xylophilus belongs to the acidovorans rRNA complex in rRNA superfamily I11 and is equidistantly related to the other taxa in this complex, Comamonas terrigena and the generically misnamed organisms (11, 12, 19 On nutrient agar, colonies are circular, semitranslucent, slightly raised, glistening, and pale yellow with entire margins. They attain diameters of 0.2 to 0.3 and 0.6 to 0.8 mm after 6 and 15 days, respectively. Better growth is obtained on GYCA medium, and the best growth occurs on a medium containing 1% yeast extract, 2% D-galactose, 2% CaC03, and 2% agar at 24°C. On this medium, colonies are yellow, and a brown diffusible pigment is produced. Some strains may produce two colony types on GYCA medium. Average colony diameters of 1.4 k 0.6 and 0.7 ? 0.3 mm are attained after 15 days at 24°C by the fast-and slow-growing types, respectively. Minimal and maximal growth temperatures are 6 and 30°C, respectively. The maximal NaCl concentration tolerated is 1%. Growth is very slow in the presence of 0.01 to 0.02% 2,3,5-triphenyltetrazolium chloride. L-Glutamate (0.1%) is required for growth; L-methionine is not required. Acid is produced from L-arabinose and D-galactose but not from D-xylose, D-ribose, L-rhamnose, D-glucose, D-mannose, D-fructose, sucrose, trehalose, cellobiose, lactose, maltose, D-melibiose, raffinose, glycogen, indin, dextrin, adonitol, dulcitol, D-mannitol, D-sorbitol, L-sorbose, salicin, a-methylglycoside, arbutin, and meso-inositol. Grows on acetate (0.2% but not 0.5%), citrate, DL-malate, succinate, DL-tartrate, and fumarate; does not grow on formate, propionate, malonate, maleate, oxalate, benzoate, or calcium gluconate. Grows on Dye asparagine medium (14) . No hydrolysis of gelatin, esculin, starch, casein, arbutin, and sodium hippurate; lipolysis of Tween 80. Potato soft rot test negative. H2S formed from cysteine and weakly from thiosulfate. Urease positive. The following features are lacking in all strains that have been studied: nitrate reduction, production of indole and ammonia, Voges-Proskauer test, arginine dihydrolase, lysine and ornithine decarboxylase, lecithinase, and acid from glucose. All Xylophilus ampelinus strains hydrolyze the following substrates in API systems (NA is an abbreviation for 2-naphthylamide): 2- 
